Neurocysticercosis (NCC) caused by infection with the larvae of Taenia solium is an important cause of neurological disease worldwide. In order to establish an enzyme-linked immunosorbent assay (ELISA) for this infection using recombinant proteins, we carried out molecular cloning and identified four candidates as diagnostic antigens (designated Ag1, Ag1V1, Ag2, and Ag2V1). Except for Ag2V1, these clones could encode a 7-kDa polypeptide, and Ag2V1 could encode a 10-kDa polypeptide. All of the clones were very similar. Except for Ag2V1, recombinant proteins were successfully expressed using an Escherichia coli expression system. Immunoblot analysis of NCC patient sera detected recombinant proteins, but because reactivity to recombinant Ag1 was too weak, Ag1 was not suitable as an immunodiagnostic antigen. So, Ag1V1 and Ag2 were chosen as ELISA antigens, and the Ag1V1/Ag2 chimeric protein was expressed. Of 49 serum samples from NCC patients confirmed to be seropositive by immunoblot analysis, 44 (89.7%) were positive by ELISA. No assays of serum samples from patients with other parasitic infections recognized the Ag1V1/Ag2 chimeric protein. The Ag1V1/Ag2 chimeric protein obtained in this study had a high value for differential immunodiagnosis.
The larval stage of the pork tapeworm Taenia solium is responsible for cysticercosis. Humans are accidentally infected with T. solium by ingestion of eggs excreted with the feces of individuals harboring the adult tapeworm in the intestinal tract. The larvae migrate throughout the body, invade skeletal muscle, subcutaneous tissue, or the central nervous system (CNS), the latter of which is known as neurocysticercosis (NCC), and encyst to form cysticerci. Cysticercosis is a crucial emerging disease in developing countries (4, 20, 22, 26, 27) .
Diagnosis of NCC has been achieved by clinical criteria, computed tomography (CT), and nuclear magnetic resonance imaging (MRI). The imaging techniques are useful for diagnosis, but the infection can be overlooked by these methods when the number of parasites is few and/or the figures are not clear or typical. Moreover, these techniques are not suitable for diagnosis in areas of endemicity because of the cost. Therefore, the development of an immunodiagnostic test that detects specific antibodies either in sera or in cerebrospinal fluid is urgently required because of its simplicity and reliability, especially in sera. For these reasons, several immunodiagnostic methods have been developed using crude or partially purified antigens of T. solium cyst fluid or cyst tissue extract (1, 6, 14, 18, 23, 25) . Parkhouse and Harrison (18) and Tsang et al. (25) purified the glycoproteins (GPs) by lentil-lectin affinity chromatography and reported that seven bands around 15 to 30 kDa were highly specific to neurocysticercosis. However, these GPs prepared by lentil-lectin affinity chromatography showed cross-reactivity when used as enzyme-linked immunosorbent assay (ELISA) antigens. Recently, we developed a simple method to purify diagnostic antigens (10-to 26-kDa antigens under reducing conditions) by preparative isoelectric-focusing electrophoresis (IEFE) from cyst fluid available for both ELISA and immunoblot analysis (10) , and we demonstrated the sensitivity and specificity of this method for differential serodiagnosis of NCC. Nevertheless, for preparation of diagnostic antigens, we still need to find naturally infected pigs or to maintain infected pigs, which is not practicable. Therefore, as reported in this study, we have carried out molecular cloning, characterization of immunodiagnostic antigens, and expression of recombinant proteins for an ELISA-based diagnostic system.
MATERIALS AND METHODS
Parasite materials. T. solium metacestodes used for construction of an expression cDNA library and extraction of genomic DNA were obtained from naturally infected pigs in China. After washing with phosphate-buffered saline (PBS), T. solium metacestodes were mechanically disrupted and kept in RNAlater reagent (Ambion, Austin, Tex.) at 4°C.
Serum samples. A total of 50 serum samples of NCC confirmed by image analysis (CT and/or MRI) and/or serology of immunoblot analysis using the antigens purified by preparative isoelectric focusing of cyst fluid of T. solium metacestodes (10) were examined for this study. Of these samples, 10, 10, 22, and 8 were from the Centers for Disease Control and Prevention (CDC), Atlanta, Ga., Ecuador, China, and Japan, respectively. Ten NCC serum samples from CDC, clinically and serologically confirmed at CDC, were thoroughly confirmed at Asahikawa Medical College under a blind test for differentiation of NCC from alveolar echinococcosis (AE) and cystic echinococcosis (CE) (11) . The technical quality of samples for diagnosis of NCC by immunoblotting was very similar between those from CDC (25) and Asahikawa Medical College (10) . Ten NCC case samples from CDC were from seven Hispanic immigrants to the United States and three cases in Peru. Ten NCC cases in Ecuador were confirmed by CT and by serology to detect circulating antigens (2) at the Zoonoses International Research Center, Central University of Ecuador. Twenty-two NCC cases in Xiling Province, China, were confirmed at Cysticercosis Hospital in Changchun by CT and serology. All serum samples from the United States (CDC), Ecuador, and China were serologically confirmed at Asahikawa Medical College. Eight patients with imported NCC in Japan were treated either by surgery or by administration of praziquantel. They all were suspected of exposure to the eggs of T. solium in countries of endemicity outside Japan (in Asia and Latin America). Five samples were from patients with single cysts in the brain; four of these were Japanese, and one was Nepali (12, 16; Ito et al., unpublished data). Three samples were from patients with multiple cysts in the brain, one from Brazil and two from Peru. Seven of the eight NCC cases were serologically confirmed to be NCC at Asahikawa Medical College too, whereas the single patient that was surgically treated and confirmed parasitologically was seronegative (17) . All 50 NCC sera examined in this study, therefore, were from clinical patients who had presented with seizures or other neurological signs and symptoms and in whom CT or other neuroimaging had demonstrated cystic lesions and/or calcifications compatible with NCC, and 49 of these cases were serologically confirmed to be NCC by immunoblot analysis. All other serum samples from parasitic diseases other than NCC (AE, CE, or others) were from the stock sera examined previously (10, 11) .
Construction and screening of T. solium metacestodes cDNA library. A SCREEN cDNA library was constructed from poly(A) ϩ RNA isolated from T. solium metacestodes with a FastTrack 2.0 kit (Invitrogen, Carlsbad, Calif.). The oligo(dT)-primed cDNA was synthesized from 5 g of poly(A) ϩ RNA, using a cDNA synthesis kit (Takara, Tokyo, Japan). The resulting cDNA fragments were ligated to directional EcoRI/HindIII linker DNA (Novagen, Madison, Wis.), digested with restriction enzymes (EcoRI and HindIII), and finally ligated with SCREEN arms (Novagen). The recombinant DNA was packaged using a Phage Maker in vitro packaging system (Novagen).
The cDNA library was first immunoscreened with sera from rabbits immunized with low-molecular-weight antigens of T. solium cyst fluid purified by IEFE (10) . Positive clones reacting with rabbit sera were isolated, and cDNA inserts were amplified by PCR with a vector primer set according to manufacturer's instructions. The amplified PCR products were used for plaque hybridization to isolate the complete-length cDNA.
Southern blot hybridization. Genomic DNA (5 g) was digested with restriction enzymes (EcoRI, HindIII, and BamHI), electrophoresed on 0.8% agarose gel, and transferred onto a nylon membrane (Hybond Nϩ; Amersham Pharmacia Biotech, Buckinghamshire, United Kingdom) with transfer solution (0.4 M NaOH-1.5 M NaCl) overnight. cDNA fragments used as probes were labeled with fluorescein isothiocyanate (FITC)-dUTP (Amersham Pharmacia Biotech) by PCR. The membrane was washed three times with 2ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate) containing 0.1% sodium dodecyl sulfate (SDS) at room temperature and once for 30 min at 55°C or 65°C with 0.1ϫ SSC containing 0.1% SDS. Signals on blots hybridized with FITC-labeled probes were visualized using a Gene Images CDP-Star detection module (Amersham Pharmacia Biotech).
DNA sequencing. The cDNA nucleotide sequences were determined using a Thermo Sequenase dye terminator cycle sequencing pre-mix kit (Amersham Pharmacia Biotech) and an automated DNA sequencer (Applied Biosystems model 377; Perkin-Elmer, Foster City, Calif.).
Expression and purification of recombinant antigens. The coding region without a signal sequence was amplified by PCR with primer sets containing a restriction enzyme BamHI (underlined below) recognition sequence added to the 5Ј end to facilitate cloning of the PCR products. The primers used were 5Ј-TTGGATCCGGAGAAAAATAAAACGGATGG-3Ј (Ag1/F), 5Ј-TTGGAT CCTTAAGCGGTTTTGTTCTTGA-3Ј (Ag1/R), 5Ј-TTGGATCCGGAGAAA AACAAACCGAAGTG-3Ј (Ag1V1/F), 5Ј-TTGGATCCGAAGGAAACTAAA CCAGAGGA-3Ј (Ag1V1/R), 5Ј-TTGGATCCGAAGGAAACTAAACCAGA GGA-3Ј (Ag2/F), and 5Ј-TTGGATCCTTAAGCAGCTTCGTTCTTGA-3Ј (Ag2/ R). The PCRs were performed in a 50-l reaction mixture containing 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.001% (wt/vol) gelatin, 0.1 M concentrations of each primer, 0.2 mM concentrations of each dNTP, 1 ng of cDNA, and 0.5 U of Taq DNA polymerase (AmpliTaq Gold; Perkin-Elmer) and cycling conditions were 30 s at 94°C (first cycle, 10 min at 94°C), 30 s at 50°C, and 30 s at 72°C for 35 cycles. The PCR products were digested with BamHI and cloned into bacterial expression vector pET-32b(ϩ) (Novagen) to produce a fusion protein with thioredoxin (TRX) and a His tag. The orientation of insert DNA was confirmed by sequencing. The cloned plasmid was transfected into an E. coli BL21(DE3)pLysS strain. Expression of the recombinant protein was induced by addition of 1 mM isopropyl-␤-D-thiogalactoside to the culture. The expressed recombinant proteins were purified using a His Trap kit (Amersham Pharmacia Biotech) and were dialyzed against PBS. Protein concentrations were determined with a BCA protein assay kit (Pierce, Rockford, Ill.).
For production of Ag1V1/Ag2 chimeric protein, sequential PCR mutagenesis was carried out (see Fig. 3 below) . Briefly, PCR products that had been amplified from Ag1V1 cDNA with primers Ag1V1/F and Ag1V1/Ag2/R and from Ag2 cDNA with primers Ag2/R and Ag1V1/Ag2/F were further amplified with primers Ag1V1/F and Ag2/R in order to obtain an Ag1V1/Ag2 chimeric gene. Ag1V1/ Ag2/R and Ag1V1/Ag2/F primer sequences were 5Ј-TTGTTTAGTTTCCTTG CAGTACTCAGCCAGTGACGC-3Ј and 5Ј-CTGGCTGAGTACTGCAAGGA AACTAAACCAGAGGAC-3Ј, respectively. The PCR products were digested with BamHI and cloned into bacterial expression vector pET-16b(ϩ) (Novagen) to produce a fusion protein with a His tag.
SDS-PAGE and immunoblot analysis. Protein analysis by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out by the method of Laemmli (13) . Proteins were solubilized with a SDS sample buffer (10 mM Tris-HCl [pH 6.8], containing 2% SDS, 5% 2-mercaptoethanol, and 10% glycerol) at 100°C for 5 min and separated electrophoretically in a 12.5% polyacrylamide gel. For immunoblot analysis, the separated proteins were electrophoretically transferred onto a polyvinylodene difluoride membrane sheet (Millipore, Tokyo, Japan) as described by Towbin et al. (24) . The sheet was blocked with 3% skim milk (Morinaga, Tokyo, Japan) and probed with patients' or healthy human sera followed by peroxidase-conjugated anti-human immunoglobulin G antibodies (Cappel, West Chester, Pa.). 4-Chloro-1-naphtol was used for color development.
ELISA. ELISA plates (Nunc-Immuno plate with a MaxiSorp surface; Nalge Nunc International, Tokyo, Japan) were coated with 0.2 g of recombinant proteins. The wells were blocked with 200 l of casein buffer at 37°C for 1 to 2 h. After the wells had been washed twice with PBS containing 0.05% Tween 20 (PBST), 100 l of serum samples diluted 1:100 in PBST containing 1% bovine serum albumin was added and incubated at 37°C for 1 h. The wells then were washed five times with PBST, incubated with 100 l of anti-human immunoglobulin G antibodies conjugated with peroxidase (Cappel) at 37°C for 1 h, and washed five times with PBST. After incubation with 100 l of substrate (0.4 mM 2,2Ј-azino-di- [3-ethyl- Nucleotide sequence accession numbers. The GenBank accession numbers of the low-molecular-weight-protein genes obtained in this study are as follows: AB044080 for Ag1, AB044081 for Ag1V1, AB044082 for Ag2, and AB044083 for Ag2V1.
RESULTS
Cloning and characterization of diagnostic antigen candidate genes. To identify immunodiagnostic antigen genes, the T. solium metacestode expression cDNA library was immunoscreened with sera from rabbits immunized with diagnostic low-molecular-weight antigens as described by Ito et al. (10) . Immunoscreening allowed the selection of two clones expressing protein epitopes recognized by immunized-rabbit sera. NCC patient sera also recognized protein epitopes expressed by these clones (data not shown). Because DNA sequencing indicated that these clones did not contain full-length cDNAs, DNA hybridization screening was carried out using a cDNA clone as a probe. Finally, four clones, named Ag1, Ag1V1, Ag2, and Ag2V1, having full-length cDNA determined by DNA sequencing were isolated (Fig. 1) . These clones ranged from 325 to 415 bp in length and encoded polypeptides with 85 to 112 amino acids and with predicted molecular masses of 9.6 to 13 kDa. These clones showed 53 to 94% similarity at the amino acid level. Putative N-linked glycosylation sites were found at positions 22, 59, and 82 in Ag1 and at positions 29 and 83 in Ag1V1 (Fig. 1, boxes) but not in clones Ag2 and Ag2V1. All clones had N-terminal hydrophobic regions, which were thought to be signal sequences (Fig. 1, underlines) , and each signal sequence cleavage site was predicted by the method described by Nielsen et al (15) . After cleavage of the signal sequence, the predicted molecular mass of mature polypeptide ranged from 7.0 to 10.0 kDa. The amino acid sequence IAQLAKDW (Fig. 1, italic letters) was conserved among all clones. A sequence homology search revealed that all clones were related to the 14-and 18-kDa GPs of T. solium (GenBank accession numbers AF082828, AF082829, AF098073, AF098074, AF098075, AF158184, and AF257776), the cysticercosis-specific antigen of T. solium (3) (GenBank accession number AF076609), the immunodiagnostic antigen of Taenia crassiceps (29) (GenBank accession number U07150), and antigen B of Echinococcus granulosus (5, 21) (GenBank accession numbers M36774, U15001, and Z26482).
Southern blot analysis. To estimate the copy number of isolated genes per genome, Southern blot analysis was performed (data not shown). Genomic DNA derived from T. solium metacestodes was digested with restriction enzyme (EcoRI, HindIII, and BamHI) and electrophoresed, transferred onto a nylon membrane, and probed with the Ag1 cDNA insert. Several bands (at least four) in each digest were detected under mildly stringent washing conditions (55°C for 30 min), and this hybridization pattern did not change under highly stringent washing conditions (65°C for 1 h; data not shown). None of the cDNA clones possessed a recognition site for restriction enzymes used in Southern blot analysis within the transcribing regions. In order to confirm whether recognition sites for restriction enzymes used in Southern blot analysis existed within each gene in genomic DNA, PCR was performed on T. solium genomic DNA using specific primer sets that amplified the region from the initiation codon to the termination codon of each gene, and restriction enzyme digestion analysis was performed. Each primer set specific to the Ag1, Ag1V1, Ag2, and Ag2V1 genes generated DNA fragments of 390 bp in length, approximately 130 bp larger than predicted from the cDNA sequences, while the Ag2V1 fragment was approximately 50 bp larger than predicted from the cDNA sequence (data not shown). Those PCR products were not digested by the restriction enzymes used in Southern blot analysis (data not shown), which indicated that no restriction enzyme recognition sites were present within genes in the genomic DNA. Complex banding patterns generated in Southern blots of T. solium genomic DNA digested with restriction enzymes which could not cut within each gene were consistent with either the existence of multiple copies of these clones throughout the genome of parasites or of a gene family. The latter might be supported by the fact that these clones showed similarity to each other.
Expression of recombinant antigens and immunoblot analysis.
In order to obtain recombinant proteins, an E. coli-based expression system was established. Recombinant proteins without N-terminal hydrophobic regions were expressed as TRX/ His tag fusion proteins. In a preliminary observation, the expression of recombinant Ag2V1 (rAg2V1) was successful, but its yield was too low due to its cytotoxicity against E. coli (data not shown). The other three recombinant proteins (rAg1, rAg1V1, and rAg2) were, therefore, selected for further experiment. Figure 2 shows the results of purification of these three recombinant proteins and of immunoblot analyses with NCC and AE patient sera. Recombinant proteins were recognized by NCC patient sera (Fig. 2B, left panel, lanes 3 and 4) , but not by AE patient sera (Fig. 2B, right panel, lanes 3 and 4) . Notably, rAg1 was recognized by NCC patient serum (Fig. 2B , left panel, lane 2), but its reaction was too weak. This indicated that antigenicity of the Ag1 polypeptide was low in natural infection and that it was not suitable for diagnostic applications. For this reason, rAg1V1 and rAg2 were chosen as diagnostic polypeptides, and we tried to express an Ag1V1/Ag2 chimeric polypeptide using a PCR technique, as illustrated in Fig. 3A . This Ag1V1/Ag2 chimeric protein contained a His tag for purification but not TRX. As shown in Fig. 4A , Ag1V1/Ag2 chimeric protein migrated to 17.0 kDa in SDS-PAGE analysis, FIG. 1 . Alignment of amino acid sequences of four diagnostic-antigen candidate clones. The amino acid sequences predicted from cDNA clones were aligned by using the CLUSTAL V program (7) . Asterisks indicate residues which are identical to the Ag1 sequence, while gaps introduced by the CLUSTAL V program are symbolized by dashes. Features within the sequences are denoted as follows: underlined letters at the N terminal, the putative signal sequences; boxed letters, N-linked glycosylation sites; circled letters, cysteine residues; the amino acid sequence conserved among all four clones is italicized. 
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on October 14, 2017 by guest http://jcm.asm.org/ which was in agreement with the size predicted from the cDNA sequence. In immunoblot analysis (Fig. 4B) , the Ag1V1/Ag2 chimeric protein was strongly recognized by NCC patient sera. Evaluation of Ag1V1/Ag2 chimeric protein for diagnostic value using ELISA. To assess the diagnostic value of Ag1V1/ Ag2 chimeric protein, we further tested its immunoreactivity by ELISA using individual sera from patients with various parasitic infections (Fig. 5) . A positive reaction to Ag1V1/Ag2 chimeric protein was observed in 89.7% (44 of 49 cases) of sera from NCC patients confirmed to be seropositive by immunoblot analysis based on a cutoff value of 0.17. Of the six NCC patient sera judged negative by this ELISA system, five showed very weak reaction to native GPs by immunoblot analysis (data not shown), and one serum sample was negative by both immunoblot analysis (17) and ELISA. No positive results were observed with sera from patients with other parasitic infections (AE, 35 cases; CE, 10 cases; clonochiasis, 10 cases; sparganosis, 10 cases; fascioliasis, 8 cases; paragonimiasis, 32 cases; and schistosomiasis, 10 cases) and sera from healthy controls. 
DISCUSSION
For diagnosis of NCC, in addition to imaging techniques (CT and MRI), detection of patient serum antibodies with low-molecular-weight antigens derived from cystic fluid of T. solium cysts is very important. Recently we developed a simple method to purify low-molecular-weight antigens using IEFE (10) . But for the stable production of immunodiagnostic antigens, we have needed naturally infected pigs or the capacity to maintain infected pigs, which is not practicable. Therefore, the purpose of this study was to isolate immunodiagnostic-antigen genes from T. solium metacestodes and to express the recombinant proteins in E. coli to establish an immunodiagnostic method based on the ELISA system.
By immunoscreening with sera from rabbits immunized with low-molecular-weight antigens and DNA hybridization screening, we could identify four cDNA clones (Ag1, Ag1V1, Ag2, and Ag2V1). These clones, except Ag2V1, could encode a 7-kDa polypeptide, and Ag2V1 could encode a 10-kDa polypeptide (Fig. 1) . These clones showed 53 to 94% similarity at the amino acid level. Analysis of their hydrophobicity profiles by the method of Hopp and Woods (8) revealed that these clones appeared to have an N-terminal hydrophobic region that was expected to be a signal sequence and no other transmembrane regions. This finding indicated that proteins encoded by these clones might be secretory proteins, in agreement with the detection of these proteins in cystic fluid of T. solium cysts (10) . Some clones (Ag1, Ag1V1, and Ag2V1) had a cysteine residue that was involved in disulfide binding. Under nonreducing conditions, immunodiagnostic antigens recognized by NCC patient sera were detected at around 50 and 28 kDa, but under reducing conditions, those bands disappeared and several smaller bands (Ͻ28 kDa) were detected (data not shown). Based on these results, cysteine residues in these proteins might contribute to form functional complexes. Putative N-linked glycosylation sites were found at positions 22, 59, and 82 in Ag1 and positions 29 and 83 in Ag1V1, but not in Ag2 and Ag2V1 (Fig. 1) . In this study, we could not confirm whether N-linked glycosylation occurred. But, the difference between the polypeptide size predicted from a cDNA sequence and the native antigen size detected by immunoblot analysis suggested the occurrence of N-linked glycosylation. Plancarte et al. (19) carried out the characterization of T. solium low-molecularweight GPs and determined their N-terminal amino acid sequences and glycan portions. The N-terminal amino acid sequence determined (12) was almost identical to our clone sequences, which strongly suggested that these GPs belong to the same family. Analyses of the glycan portion of GP identified mannose, N-acetyl-D-glucosamine, and galactose detected in N-linked GP but not N-acetylgalactosamine, N-acetylneuraminic acid, fucose, or sialic acid, which were found in N-and O-linked glycoproteins. These results also supported the occurrence of N-linked glycosylation. Further characterizations of posttranslational modification, especially glycosylation of parasite proteins and more information on other variant genes, are necessary.
Recombinant proteins were specifically recognized with NCC patient sera but their immunoreactivity to rAg1 appeared to be too weak (Fig. 2) . As Ag1 had three N-linked glycosylation sites, it might be more highly glycosylated than other clones in their native condition, and it might be difficult to produce antibodies to polypeptides. Nevertheless, the possibility that conformational epitopes but not linear epitopes exist in Ag1 polypeptides could not be ruled out. Based on the results of immunoblot analysis, we thought that Ag1 was not suitable to be used as an immunodiagnostic antigen, so Ag1V1 and Ag2 were chosen as good candidate antigens for ELISA and expressed as an Ag1V1/Ag2 chimeric protein. Using the PCR technique, Ag1V1 and Ag2 genes were ligated to produce the Ag1V1/Ag2 chimeric protein as shown in Fig. 3 , which had the advantage of simplifying the preparation of both recombinant antigens by a one-step purification procedure. Ag1V1/Ag2 chimeric proteins were expressed successfully at a molecular mass of 17.0 kDa and confirmed their antigenicity (Fig. 4) . Using an Ag1V1/Ag2 chimeric protein, we developed an immunodiagnostic method based on the ELISA system (Fig. 5) . Of 49 serum samples from NCC patients confirmed to be seropositive by immunoblot analysis (10, 11, 12, 17) , 44 (89.7%) were positive by ELISA. Two of five NCC patients with a single cyst (imported cases in Japan) were negative by ELISA. By immunoblot analysis, one of two negative cases by ELISA was also negative by immunoblot analysis (17) , and another showed a very weak reaction to native diagnostic antigens (12) . Immunoblot analysis detected 98% of parasitologically proven cases with multiple cysts, whereas it was less sensitive (between 60 and 80%) in cases with a single cyst (28) . This suggested that a single cyst was not always efficient to stimulate host responses that produced measurable antibody to diagnostic antigens. In addition, since Ag1V1/Ag2 chimeric protein used in this study was expressed using an E. coli system, this protein was not glycosylated. Native antigens might be highly glycosylated, and the carbohydrates were thought to be key antigenic parts for immunodiagnostic sensitivity. We, however, speculated that the carbohydrate components showed similarity among various parasites and were not suitable targets for differential immunodiagnosis. Indeed, when native antigens purified by affinity chromatography using monoclonal antibodies to T. solium lowmolecular-weight antigen were used as ELISA antigens, some serum samples from AE patients showed a strong reaction (our unpublished observation). So, with regards to differential diagnosis, parasite-specific polypeptides should be utilized. Some researchers have developed immunodiagnostic methods based on immunoblotting or on ELISA systems using recombinant antigens (3, 9) . Their sensitivity was similar to that of our recombinant protein, but some cross-reactions were observed. In our experiments, serum samples from other parasitic-infection patients (AE, CE, clonochiasis, sparganosis, fascioliasis, paragonimiases, and schistosomiasis patients) did not recognize recombinant protein (100% specificity). Therefore, it is expected that Ag1V1/Ag2 is a valuable target antigen for differential diagnosis.
Hereafter, we will determine the B-cell epitopes on these molecules for the development of a synthetic peptide-based ELISA system that may be suitable for stable and high-quality diagnoses.
